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The demonstration of a collagenase in normal
human skin (1) suggests the existence of an
enzymatic mechanism for the degradation of
human skin collagen. This collagenase, not
present in tissue extracts, has been isolated
from the culture medium of tissue cultures of
normal human skin and is capable of degrading
native collagen at physiologic pH and tem-
perature (1).
The skin collagenase is similar to that of
tadpole collagenase in terms of its specificity of
attack on the collagen molecule but differs,
with respect to its major site of synthesis (3).
In normal human skin, collagenase is produced
primarily in the upper or papillary portion of
the dermis while the epidermis shows only
minimal collagenolytic activity (3). This is in
contrast to the tadpole where the tailfin epi-
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dermis is the major source of collagenase (4).
Although this specific collagenase may be of
physiologic significance in the remodeling of
connective tissue in normal skin, the question as
to whether it plays a role in the pathogenesis of
certain diseases involving the skin has not been
explored.
The electron microscopic observations by
Pearson (5) on skin from individuals with
the recessive, dystrophic form of epidermolysis
bullosa (DEE) demonstrated the apparent
phagocytosis of collagen fibrils by dermal mac-
rophages associated with marked degenera-
tive changes of the dermal collagen near the
dermal-epidermal junction. These abnormalities
were accentuated by trauma and presumably
resulted in blister formation. A number of these
changes in the dermal collagen are similar in
many respects to those observed in the meta-
morphosing tadpole tailfin (6) at a time when
increased collagenolytic activity can be detected
in the tailfin (Eiscn and Gross, unpublished
observations) and suggested that enhanced
collagenolytic activity might be present in
DEE.
The present study was undertaken to deter-
mine whether increased collagenolytic activity
is associated with the cutaneous lesion in DEE
and to compare these findings with the role of
collagcnasc in the pathogenesis of other bullcus
skin diseases.
MATERIALS AND METHODS
Five patients with DEB, four females and one
male, ranging in age from 7—45 years, were studied.
Since no other members of the family were af-
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fected it was impossible to definitively establish
the mode of inheritance in these patients. How-
ever, the severity of the disease suggested that
they represented the recessive form. In three
cases blister formation was induced on the volar
surface of the forearm and in the fourth, on the
posterior aspect of the mid-thigh, by mild fric-
tional trauma for a few seconds with a cotton
tipped applicator. In 2 of 3 patients whose un-
involved skin was also examined, the trauma of
biopsy readily produced dermal-epidermal separa-
tion. Biopsies of uninvolved skin were obtained
from either the forearm or anterior trunk and in
one instance both sites were sampled.
Specimens of skin were obtained by punch bi-
opsy under sterile conditions following local anes-
thesia. Immediately after excision the skin was
placed in a sterile vial containing Dulbeeco's
modified Eagle's medium (Grand Island Biological
Co.) containing 100 mg per liter of penicillin and
streptomycin and gassed with 95% 02-5% CO2.
All procedures involved in the preparation of
cultures were done under sterile conditions. Com-
plete processing of tissue was accomplished within
30—45 minutes after excision, during which time
the specimens were maintained at room tempera-
ture. A portion of each specimen was examined
histologically to confirm the clinical diagnosis and
the extent of dermal-epidermal separation.
In one patient, a uniform sheet of skin from a
friction bulla, 0.5 mm in thickness, was obtained
with a Castrovejo keratotome as described by
Blank et a!. (7).
Fresh bullae from two patients with bullous
pemphigoid and two with pemphigus vulgaris were
obtained by punch biopsy and handled in an
identical fashion as that described for the speci-
mens obtained in patients with DEB.
Normal human skin obtained from the trunk,
forearms and upper legs in subj eets aged 10—70
years (3) processed similarly served as the con-
trols.
Preparation of cultures. Under a dissecting
microscope, the skin was trimmed of its subcu-
taneous fat and lower 3 mm of dermis. The re-
maining skin which included only epidermis and
the upper dermis was cut into pieces approxi-
mately 2 mm in size. The tissue was then
weighed and washed twice in Dulbecco's modified
Eagle's medium.
Detection and measurement of eollagenolytie
activity has been described in detail elsewhere
(3, 8). In brief, this was accomplished by the
sterile incubation of intact tissue fragments,
weighing approximately 6—15 mg, on reconstituted
radioactive collagen gels. Previous studies (3) have
shown that when the extent of substrate lysis is
compared to the weight of tissue explants incu-
bated on the collagen gel, the "C-cpm solubilized
are almost directly proportional to the weight of
the explants in the range of approximately 3—16
mg. This allows the data to be expressed in terms
of specific activity, that is epm of 14C-eollagen
solubilized per mg of tissue cultured.
Immediately prior to use the '4C-collagen solu-
tions were diluted to about 0.05% protein and 0.15
M NaC1 by the addition of three volumes of cold
modified mammalian Tyrode's solution containing
Eagle's amino acids and vitamins (Grand Island
Biological Co.). The mammalian Tyrode's solution
contains a reduced amount of NaC1; its composi-
tion is as follows: NaC1, 2.87 gm, KCI, 200 mg,
MgCI2, 135 mg, NaHCO3, 1.35 gm, glucose, 2.0
gm, water to 1000 ml. The reconstituted collagen
substrate was prepared by warming 0.5 ml of the
radioactive collagen solutions at 37° for 12—14
hours in Leighton tubes (3, 4).
Several preparations of purified neutral-salt ex-
tracted 14C-glycine-labeled guinea pig skin colla-
gen (specific activity 8200 epm per mg and 22,000
cpm per mg) were used for these experiments. Cul-
tures were routinely incubated iat 37° in an atmos-
phere containing 95% 02-5% CO2, and observed
daily for gel lysis. Radioactivity in solution from
enzymatically degraded collagen was determined
after various periods of incubation by centrifug-
ing the culture chamber contents at 50,000 X g
for 30 minutes at 26° and counting an aliquot of
supernatant in Bray's solution (9) containing 4.0%
Cab-0-Sil (10).
All results were compared to gel blanks without
tissue as well as to similar gel blanks incubated
with 0.01% trypsin for the same incubation time
period. Since native reconstituted collagen is not
significantly degraded by trypsin this latter control
was always used to be certain that no appreciable
amount of denatured collagen was present.
RESULTS
Specimens of skin obtained from friction
bullae produced in patients with DEB and
cultured on collagen gels showed a marked
increase in eollagenolytie activity when com-
pared to normal skin (Table I). When eolla-
genolytic activity is expressed in terms of spe-
cific activity (Table II) this difference is even
more striking with DEB showing approxi-
mately a 6 fold increase in enzyme activity. In
addition, visible evidence of gel lysis was fre-
quently preaent in DEB cultures within 12
hours of incubation. This is quite different
from normal skin in which visible lysis was not
present until approximately 48 hours of incuba-
tion. Non-bullous skin from the same patients
also showed a significant increase in enzyme ac-
tivity (Table II).
No enzyme activity was detected in blister
fluid which was examined in all 5 eases. A pos-
sible explanation for this finding is that hu-
man serum contains a potent inhibitor of skin
eollagenase (1).
In the skin sample obtained with the Castro-
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TABLE I
Coliagenolytic activity measured by release of from collagen gels
Subject Tissue Range
Normal Controlst Body skin 54 21.1 3.8—41.3
Epidermolysis bullosa
1 Friction bulla 4 53.4 41 .2—74.5
2 Friction bulla 3 57.2 45.8—70.2
3 Fresh bulla 3 59.0 51.0—65.7
4 Friction bulla 2 82.8 82.3—83.2
5 Friction bulla 2 51.2 48.1—54.2
Pemphigus vulgaris
1 Bulla 5 23.1 21.6—29.0
2 Bulla 4 24.1 22.1—25.7
Bullous pemphigoid
1 Bulla 3 22.4 9.7—36.0
2 Bulla 4 27.2 24.0—35.3
Trypsin (0.01%) 14 6.6 3.7—8.4
* The cpm of the 14C-collagen substrate gels ranged from 2050 to 11,005.
t Skin from 15 normal subjects served as controls. No differences in collagenolytic activity was
detected between normal skin from the trunk or skin obtained from the upper or lower extremities (3).
TABLE II
Comparison between the collagenolytic activity of normal skin and bullous diseases based on
the weight of tissue applied to 'C collagen gel
vejo keratotome, complete separation of the
epidermis from its underlying dermis occurred
over a large area of the specimen. The separated
epidermis as well as its underlying dermis was
examined histologically and serial sections
demonstrated that separation was complete
(Fig. 1). When cultured on collagen gel sub-
strates the epidermis as well as the papillary
portion of the dermis showed marked colla-
genolytic activity (Table III).
Recently formed intact blisters from patients
with pemphigus vulgaris, a disease characterized
by intraepidermal blister formation, and bul-
bus pemphigoid, characterized by subepidermal
bullae were also studied. As shown in Table II
eolbagenolytic activity in both these diseases
were within the range of normal.
DISCUSSION
The six-fold increase in collagenolytic activity
found in bullous skin lesions in DEB suggests
that collagenase may be involved in blister
formation in this disease. That this increase in
collagenase production is not limited to bullae
resulting from trauma is demonstrated by the
presence of elevated levels in the non-bullous
skin of those patients examined. These findings
indicate that dystrophic epidermolysis bullosa
is a generalized cutaneous abnormally charac-
Subject Tissue Number of cases Specific activity(Mean cpin released
per mg tissue)" Range
Normal control Body skin 15 99.1 61.0—160.6
Epidermolysis bullosa Friction bulla 5 572.0 534.1—752.3
Epidermolysis bullosa Non-bullous skin 3 192.9 180.8—205.0
Pemphigus vulgaris Bullae 2 93.6 92.0—95.2
Bullous pemphigoid Bullae 2 128.1 99.9—174.7
* Since the collagen gels used contained a variable amount of radioactivity but a constant concen-
tration of collagen all were normalized to a substrate gel containing 5000 cpm of 14C-collagen fibrils.
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Fm. 1. Epidermis from a friction bulla in a subject with DEB. Note the completeness of
separation from the underlying dermis. Biopsy specimen obtained with a Castrovejo
keratotome. X 334.
TABLE III
Collagenolytic activity in epidermolysis bullosa
measured by release of 14C from collagen gels
Friction bulla
Whole skin
Epidermis
Dermis
Trypsin (0.01%)
* 4601 cpm per substrate gel.
terized by the enhanced production of colla-
genase.
The epidermis, which in normal skin shows
only minimal collagenolytic activity (3), is
capable of actively producing collagenase in
DEB and demonstrates an even greater enzyme
activity than the underlying papillary dermis.
In DEB both the epidermis and papillary
dermis seem to both be able to synthesize a
specific collagenase whose activity contributes
to blister formation. The factors that lead to
the enhanced enzyme activity in the epidermis
are presently unknown but it is evident from
these and previous studies (3) that colla-
geriolytic activity of epidermis may vary de-
pending on its functional state.
The demonstration (11) that the intracu-
taneous injection of bacterial collagenase re-
sults in rapid and clean dermal-epidermal sep-
aration lends support to the concept that
collagenase may play a significant role in the
production of blisters in DEB. Whether the in-
tro cutaneous injection of human skin collagenase
will result in changes similar to those pro-
duced by the bacterial enzyme requires future
study.
The question as to whether the production
of collagenase by cultured skin truly reflects
the in vivo state cannot be answered definitively
from the information presently available. It is
Tissue
Number
of cul-
tures*
3
3
2
2
Mean
Cpm above
blank
2353.9
2279.5
1625.7
320.6
% lysis
above
blank
51.2
49.5
35.3
7.0
Range
48.1—54.2
45.1—53.0
30.5—40.1
6.7—7.3
— t _# ia
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clear, however, that visible lysis of a collagen
gel substrate by explants of normal human skin
is not evident until approximately 48 hours of
culture although the enzyme can be detected in
the culture media after 24 to 36 hours (1) It
seems most likely that this lag in the appearance
of collagenase is the time required for viable
cells of the explanted tissue to synthesize and
release new enzyme. An alternative explanation
is that the enzyme is inhibited initially by the
presence of serum proteins which may be bound
to the tissue explants when they are placed in
culture. Since serum inhibits skin collagenase
(1) it may not be possible to detect colla-
genolytic activity until these proteins are either
degraded or diluted out of the culture. In DEB
the situation is different from that of normal
skin, since evidence of gel lysis is usually pre-
sent within 12 hours after the initiation of cell
culture. Although the major abnormality in
DEB is most likely related to increased •colla-
genase synthesis, the possibility that there may
be an associated deficiency of collagenase in-
hibitor in the serum should be considered.
In two other bullous diseases, pemphigus
vulgaris, characterized by intraepidermal blister
formation and bullous pemphigoid, charac-
terized by subepidermal bullae, collagenolytic
activity is not significantly elevated and, there-
fore, does not appear to play a major role in
blister formation.
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